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Absence of AT1A receptors increases the severity of kidney structural inju-


























Expression of inflammatory mediator genes is increased in kidneys of lpr 

















Lymphoid organ parameters in lpr and lpr-KO mice at 12 weeks 
of age
	 	 Left	axillary		 Spleen	 Thymus
	 	 lymph	node
Weight (g) lpr 47 ± 12 196 ± 19 94 ± 6
 lpr-KO 52 ± 12 188 ± 22 103 ± 10
CD3+ B220+ cells (%) lpr 56.3 ± 2.8 28.2 ± 2.6 15.4 ± 3.5
	 lpr-KO 54.0 ± 3.4 26.1 ± 2.9 7.8 ± 2.9
CD4+ CD25+ cells (%)	 lpr 2.0 ± 0.2 4.5 ± 0.7 5.5 ± 0.8
	 lpr-KO	 2.3 ± 0.4 4.1 ± 0.2 5.5 ± 0.6
Figure 1
Reduced survival in lpr mice lacking AT1A receptors. #The mean duration 
of survival was significantly reduced in lpr-KO mice (117 ± 4 days) com-
pared with lpr controls (162 ± 11 days; P = 0.001). n = 24 for lpr (10 males 
and 14 females) group; n = 18 lpr-KO group (8 males and 10 females).
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Accelerated renal disease in AT1A receptor–deficient lpr mice is not due to 















Transplantation with bone marrow from AT1A receptor–deficient donors 


















































Histopathologic injury scores for kidneys from lpr and lpr-KO 
mice at 12 weeks of age
Group	 Glomeruli	 Interstitium	 Vascular	damage	 Total
lpr 5.6 ± 0.9 0.6 ± 0.1 2.4 ± 0.3 8.0 ± 1.1
lpr-KO 7.8 ± 0.7A 1.3 ± 0.1B 5.3 ± 0.4C 13.1 ± 1.0D
AP = 0.05; BP = 0.0002; CP = 0.0001; DP = 0.001 vs. lpr. n = 19 lpr mice  
(9 males and 10 females) and 24 lpr-KO mice (14 males and 10 females).
Figure 2
Elimination of AT1A receptors augments albuminuria in MRL-Faslpr/lpr 
mice. At 12 weeks of age, 24-hour urinary albumin excretion was 
significantly higher in lpr-KO mice (77 ± 14 μg/24 h) than in lpr con-
trols (39 ± 4 μg/24 h; *P < 0.02). n = 18 for lpr group (9 males and 
9 females); n = 21 for lpr-KO group (11 males and 10 females).
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Kidney injury is augmented in lpr-KO mice. High-power views of rep-
resentative glomeruli from H&E-stained sections of kidneys from lpr 
(A) and lpr-KO (B) mice at 12 weeks of age. Original magnification, 
×600. Typical of MRL-Faslpr/lpr mice at this age, glomerular pathology 
in the lpr group was relatively mild. In contrast, glomeruli from lpr-KO 
mice showed severe pathology including hypercellularity, focal necro-
sis, mesangial expansion, and glomerulosclerosis. Representative 
low-power views of kidneys from lpr (C) and lpr-KO (D) mice. Original 
magnification, ×200. There was minimal interstitial infiltration in kidneys 
from lpr mice (C). In contrast, robust mononuclear cell infiltrates were 
observed in kidneys from lpr-KO animals (D), especially in perivas-
cular regions. Typical small renal arteries from lpr (E) and lpr-KO (F) 
mice depict preservation of normal structure in the lpr control (E), with 
abnormal vascular architecture in the lpr-KO mice (F) characterized 
by inflammation and reactive hyperplasia with thickening and sclero-
sis of the arterial wall. Original magnification, ×600. (G) Prevalence of 
vascular pathology in lpr and lpr-KO kidneys comparing medium and 
large vessels *P < 0.001 and #P = 0.002 versus lpr by χ2 test. n = 19 
for lpr group (9 males and 10 females); n = 24 for the lpr-KO group 
(14 males and 10 females).
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Enhanced mRNA expression for cytokines and chemokines in kidneys from lpr-KO mice. (A) Levels of mRNA for IFN-γ and housekeeping 
gene L32 assessed by RNAse protection assay (RPA) in male kidneys at 12 weeks of age; the lanes were run on the same gel but were 
noncontiguous. (B) Plot of the corresponding analysis by densitometry; mRNA levels for IFN-γ were significantly increased in lpr-KO mice. 
*P < 0.02 versus lpr controls. n ≥ 6 per group. (C) mRNA levels for selected chemokines and the housekeeping gene L32 assessed by RPA; 
the lanes were run on the same gel but were noncontiguous. (D) Corresponding plot of the densitometry analysis; levels of mRNA for RAN-
TES, MCP-1, and TCA-3 were all significantly increased in kidneys from lpr-KO mice. †P = 0.03, §P = 0.04, and #P = 0.05 versus lpr controls. 
n ≥ 4 per group. (E) Kidney mRNA expression for TGF-β and the housekeeping gene GAPDH; the lanes were run on the same gel but were 
noncontiguous. (F) Corresponding densitometry analysis; TGF-β mRNA expression was significantly increased in kidneys of lpr-KO mice. 
‡P = 0.02 versus lpr. n ≥ 6 per group.
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IgG anti-DNA antibody activity in serum from MRL-Faslpr/lpr experi-
mental groups. (A) Anti-ssDNA and (B) anti-dsDNA antibody activity 
was determined by ELISA on serum from MRL-Faslpr/lpr mice lacking 
AT1A receptors (lpr-KO) and lpr controls at 12 weeks of age. n = 20 for 
the lpr group (10 males and 10 females); n = 24 for the lpr-KO mice 
(14 males and 10 females).
Figure 6
Absence of AT1A receptors on bone marrow–derived cells does not 
account for the accelerated mortality of lpr-KO mice. (A) Southern 
blot analysis of genomic DNA isolated from splenocytes, digested with 
BamH1, and hybridized with a DNA probe that distinguishes the 8.6-kb 
fragment generated from the wild-type Agtr1a allele and the 3.8-kb frag-
ment identifying the targeted allele (1). Samples: lane 1, nontransplanted 
MRL-Faslpr/lprAgtr1a+/– control; both bands are present with equal intensi-
ties. Lane 2, lpr→lpr, an lpr (MRL-Faslpr/lprAgtr1a+/+) mouse transplanted 
with lpr bone marrow; only the wild-type band is observed. Lane 3, lpr-
KO→lpr, an lpr mouse transplanted with bone marrow from an lpr-KO 
mouse (MRL-Faslpr/lprAgtr1a–/–); the 3.8 kb band predominates, indicat-
ing that the majority of cells in the sample (98.3% by densitometry) come 
from the donor. (B) Survival of MRL/lpr mice transplanted with wild-type 
versus Agtr1a–/– bone marrow. Survival of lpr mice (n = 26; 12 males, 
14 females) transplanted with bone marrow from lpr donors was virtu-
ally identical to the mean survival of lpr animals (n = 32; 17 males, 15 
females) transplanted with lpr-KO bone marrow lacking AT1A receptors 
(230 ± 11 versus 234 ± 8 days; P = NS).
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Renin protein immunostaining in the JGA of a kidney from an lpr-KO 
mouse. Kidney sections from lpr and lpr-KO mice were stained for 
renin using a specific antibody as described. The number of glomeruli 
with detectable staining for renin protein in the JGA was significantly 
higher in the lpr-KO mice (n ≥ 12 mice per group; 127 out of 419 
glomeruli: 30.3%) versus controls (59 out of 328 glomeruli: 18.0%; 
P < 0.0001). Photomicrograph shows a representative glomerulus with 
positive staining for renin. Arrow points to renin-containing juxtaglo-
merular cells. Original magnification, ×100.
Figure 8
Enhanced podocyte injury in kidneys from lpr-KO mice. Immunostaining 
for desmin, a marker of podocyte injury, was carried out in sections of 
kidneys from lpr (n = 11; 7 males and 4 females) and lpr-KO mice (n = 10; 
6 males and 4 females). (A) A representative glomerulus from an lpr 
mouse shows no staining for desmin in podocytes, with very focal stain-
ing for desmin in the mesangial cell cytoplasm (1+ to 2+). (B) In the 
representative glomerulus from an lpr-KO mouse, the podocytes are 
hyperplastic, with positive staining for desmin in the cytoplasm varying 
in intensity from 1+ to 2+ (thin arrows) to 3+ (thick arrows). The mesan-
gial cell cytoplasm is also strongly positive for desmin (3+). Very focal 
staining is also noted in some parietal epithelial cells and in interstitium, 
probably reflecting increased numbers of fibroblasts. Positive staining 
from desmin in podocytes was found in 80% of lpr-KO kidneys versus 
9% of lpr control kidneys (P < 0.002). Original magnification, ×40.
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Assay of lymphocyte populations. Single-cell suspensions were prepared 
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